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SUMMARY 

A preliminary  investigation w a s  made of  the  total-pressure-recovery 
characteristics  over a wide  range of angle of attack of an axially sym- 
metric  nose  inlet  at a Mach  number of 1.42 and  of an asymmetric  nose 
inlet  at  Mach  numbers  of 1.42 and 1.84. The  symmetric  inlet had a maxi- 
mum  total-pressure  recovery  of 0.95 over  the  angle-of-attack  range 
between 260 for all mass-flar ratios  tested.  Static-pressure  distribu- 
tions and total-pressure  profiles  in  the  symmetric  inlet  duct  indicated 
that  at  large angles of attack,  severe  separation  occurred  reducing  the 
recovery  as  much as 12 percent  at 20° angle of  attack. 

At a Mach  number  of 1.42, the  total-pressure  recovery of the asym- 
metric  inlet w a s  equal -to or  better than free-stream  normal  shock  recov- 
ery  for a l l  angles of attack  between 00 and 22O, reaching a maximum 
of 0.97, about 2 percent  greater  than  normal  shock  recovery.  At a Mach 
number of 1.84, however,  the  total-pressure  recovery w a s  as high as 
normal  shock  recovery  only  in  the  region of loo angle of attack  and  was 
relatively  insensitive to increasing angle of attack above loo, while 
it  was  quite  sensitive  to decreasing angle of attack  below loo. 

INTRODUCTION 

Existing  data  (for  example, ref. 1) have shown that  the  total- 
pressure  recovery of a symmetric  inlet  is  affected  adversely by opera- 
tion  at angle of  attack. In general,  separation of the  flow from the 
internal  lower  lip  of  the  inlet at angle of attack  results  in  lower 
total-pressure  recovery  after  diffusion  as  well as  reducing  the maxhum 
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flaw rate achieved. The severity of the  separation is i n   p a r t  dependent 
on the angle of attack and the amount of internal rounding of the l i p .  b 

In  &n attempt- t o  obtain Fmproved recovery  over an angle-of -attack 
range, a prelimimry  investigation has been conducted on the  total-pressure- 
recovery characteristics of an asymmetric-.inlet-. The i n l e t  plane was 
skewed a t  an angle of 4 5 O .  The i n l e t  had sharp l i p s  and a contraction .... 

r a t io  of 1. It was reasoned that, at  positive  angles of' attack, the 
forward location of the upper l i p  (as a resul t  of t i l t i ng   t he   i n l e t  plane ) 
would produce a compression wave a t  sqersonic speeds which w o u l d  a id  
in  turning  the flow towards the  diffuser.axis  as w e l l  as improve the 
pressure recover$ by furfishing some supersonic campression. 

Reference 2 presents data a t - @  angle of attack  for a convergent- 
divergent i n l e t  w i t h  the inlet plane skewed 45O. Herein are  presented 
the resul ts  from prelimin.8z-y tests of a 45O skewed inlet at both a Mach 
nmber M of 1.42 and 1.84 .. over a wide range of angle of attack. For 
comparison, total-presswe  recovery a t  angle of attack at M = 1.42 is 
also  presented f o r  a symmetric inlet  having sl ight ly  rounded l ip s .  

The Reynolds number for  a l l  tests at  M = 1.42 w a s  about 2.2 x 106 
and for  all tests a t  M = 1.84 was about 2.7 x 106, based on the inlet 
diameter normal to   the a x i s  of the inlet. All tests were made i n  the 
pref l igh t   j e t  of the Langley Pilotless  Aircraft Research Station at  
WaLlops Island, Va. 

A projected  area on a plane-  perpendicular t o  the model. 
center  line, sq in. 

U angle of- attack, deg 

D .diameter, in .  

Y r a t io  of specific heats (1.40 for  air) 

H local  total  pressure, ~ b / s q  f t  
- 
H averELge-total pressure., lb/sq f t  

. 

M Mach  number 

m - r a t io  of mass flow through the duct t o  that--flaTing through 
a free-strean tube .of the s-aie area as the i n l e t  axea 4 mo 
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. 

P static  pressure,  lb/sq f t  

X horizontal  distance along a diameter measured fram the side 
of the duct a t  the rake ststion  (see fig.  5 ) ,  in .  

Y vertical  distance along a diameter measured from the upper- 
most point of the  duct a t  the rake station  (see  f igs . 3, 
4, and 5 ) ,  in .  

Subscripts : 

e model exit   station  (see  f igs.  3, 4, and 5 )  

i model inlet   station  (see  f igs.  3, 4, and 5 )  

0 free stream, a t   f ree- je t  exit 

r model rake station  (see  f igs.  3, 4, and 5 )  

A sketch and a photograph Showing the arrangement of the testing 
apparatus w i t h  the asymmetric in le t   in   p lace  are presented as figures 1 
and 2, respectively. A motor, cable, and pulley system were used t o  
rotate   the  inlet  through the angle-of-attack range i n  the horizontal 
plane. However, for  convenience and clar i ty ,  f t  shall be assumed that 
the angle of attack was varied  vertically  in  the conventional manner. 
Thus the long side of the asymmetric inlet shall-be called the top, the 
short side the bottom, and so forth.  

A sectional v i e w  of the symnetric inlet sharing instrumentation, 
i n l e t  support, and exi t   or i f ice   plate  is shown i n  figure 3 .  The ax is  
of rotation which passed  through the   in le t  plane is  indicated. The 
i n l e t  was made of brass, the inlet support of s teel ,  and the ex i t  o r i -  
f ice   plate  of s tee l .  The i n l e t  lips were rounded inside and outside 
i n  an attempt t o  reduce separation a t  large angles of attack. The 
i n l e t  discussed  herein is identical  with the corresponding portion of 
the inlet tested  in  reference 3.  

Static  pressure  orifices were in s t a l l ed   i n  the symmetric i n l e t  as 
sham in   f igure  3.  A seven-tube total-pressure rake and four  individual 
total-pressure  tubes  were.inetalled at  s ta t ion 4 (section B-B) as shown, 
The duct  area at  s ta t ion 4 was 1.27 times the  inlet  minimum area.  Three 
orifice  plates  with  ratios of e x i t   t o   i n l e t  area &/Ai of 0.94, 0.89, 
and 0.85 were used t o  obtain data at  different mass-flow ratios. 
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A sectional view of the asymmetric inlet a6 it w a s  tested a t  M =I: 1.42, 

showing instrumentation, i n l e t  suppqrt, and exi t   or i f ice   plate  i s  pre- 
sented in  f igure 4. The axis of rotation is a lso  indicated. The  com- 
plete  configuration was made of-steel .  

5 

Two diametrically  opposite  static-pressure  orifices were instal led 
at section A-A (fig.  4).  A five-tube  total-pressure  rake and two indi- 
vidual total-pressure tubes were instal led  a t   s ta t ion.5.w  (sect ion B-B) 
a t  the end of a constant  mea  section. Three orifice  plates w i t h  ratios 
of ex i t  t o  inlet   area &/Ai of 1.00, 0.95, and 0.9 were used with 
this configuration to  obtain dah-at different mass-flow rat ios .  

A sectional v i e w  of . the  asymmetric in le t ,  as it was tested at 
M = 1.84, showing axis of rotation,  instrumentation, inlet support, and 
ex i t  nozzle  block i s  presented in  f igure 5 .  The sane i n l e t  and inlet -  - 
support were used i n  these..tests at M. = l.&lc-as were used in   the   t es t s  

’ at M = 1.42. A n  aluminum l i ne r  was ins ta l led   in   the   in le t  support t o  
make a conical  diffuser. A seven-tube total-pressure rake and three 
individual  total-pressure  tubes were installed at the af t e r  end of the 
diffuser where the  area r a t i o  w a s  1.4 t o  1 (fig.  5 ,  section A-A). Three 
nozzle  blocks w i t h  ra t ios  of ex i t  t o  inlet-  area &/Ai of 0.90, 0.85, 
and 0.80 were used w i t h  this configuration t o  obtain data at different 
mass-flow ra t ios .  

All t e s t s  were made i n  the  preflight  jet  of the Langley Pilotless 
Aircraft Research Station a t  Wallops Island, Va. (See re f .  4 . )  Two 
8-inch-diameter  nozzles  with ex i t  Mach  numbers of 1.42 and 1.84-were 
used. The in le t s  were located  with the a x i s  of rotation of the i n l e t  
(see  figs . 3, 4, and 5 )  approximately 1 inch downstream from the nozzle 
exit  plane. During each test- ,   the  inlet  was variea  in  angle of attack 
i n  steps of approximately 3 O .  The inlet--was  held at each  angle of attack 
long enough t o  reach  steady-state  conditions. All pressures were =as- 
ured with  mechanical-optical  pressure  recorders, and time histories were 
recorded on film. . .  

METHOD OF ANALYSIS 

Mass-flow r a t i o  and total-pressure recovery for each of the  three 
configurations were  computed  by numerical integration of the Mach number 
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and total-pressure  distributions  obtained from the rake measurements. 
The  two equations used were: 

Because of the limited  instrumentation,  the mass-flaw rat ios  and 
pressure  recoveries  calculated f o r  high angles of attack where severe 
separation  occurred  are  not 8s accurate as the mss-flow ra t ios  and 
recoveries f o r  angles of attack  with no separation. The angle of attack 
is believed t o  be accurate w i t h i n  0.2'. The probable  accuracy of the 
other data is shown i n  the following  tables  for the two i n l e t  
configurations : 

Probable  accuracy for  symmetric inlet: 

a = OO a = -200 a = 20' 
m/mo . . . 

50.01 20.01 20.01 P p o  0 . .  

20.05 iO.05 t o .  01 Q q ) . . .  
20.05 20.05 f O  .02 

Probable  accuracy f o r  asymmetric in le t :  

a = O  0 a = 20° a = -2OO 

m/mo . . . 

20.01 -Lo .01 20.01 P/Ho 

r o  .05 20. 03 20.02 
Zr/Ho . t0.m +O. 02 to .  01 



6 

RESULTS AND DISCUSSION 
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Results are presented of t e s t s  of the syrmnetric inlet-  and the asym- 
metric  inlet  a t  a free-streem Mach  number of 1.42 and cmparisons  are 
made. Data pertaining  to  the asymmetric inlet at-a free-stream Mach 
nlPuber  of 1.84 are presented to   indicate   the  effect  of a higher-Mach 
ntrmber on the internal flow performance of the asymmetric i n l e t .  

Although the angle of a t tack of the models tested was varied about 
a vertical  axis, i n  order t o  be consistent ~ t h  the usual concept of 
angle of attack varying about a horizontal axis,  the data are discussed 
a8 i f  the long side of the asynanetric i n l e t i s  the  top of the inlet. 
Hence, a positive  angle of attack  results when the long side of the 
inlet is pitched up. 

Axially Symmetric Inlet, M = 1.42 

Figure 6 presents the mass-flow ra t io  and total-pressure  recovery 
as a function of angle of attack  for the axially.symnetric  inlet a t - - -  
M = 1.42. For all three exit   sizes  tested,  the mass-flow ra t io  and 
total-presswe recovery w e r e  symmetric w i t h  angle of attack. Since 
fixed  exit  areas were used, the mass flow decreased as  the  losses 
increased. A t  a = Oo, for  &/Ai = 0.94, the mass-flaw ra t io  was 0.96, 
the maximum allowed by the inlet  contraction r a t i o  at the test Mach 
number, whereas for  &/Ai = 0.89 and 0.85, the mass-flaw ratios were 
0.90 and  0.83, respectively  (fig.  6(a)). 

At a = Oo, the tote,l"pressure  recovery ( f ig .  6(b)) was about 0.95, 
a value slightly  less-than  free-stream normal-shock recovery, for  all 
flow rates  tested,  indicating that the aiffuser  losses were small and 
essentially independent of' flow rate in  this range of mass-flow ra t io .  
The diffuser losses would be expected t o  be small and essentially  inde- 
pendent OF flow r a t m m s i d e r i n g   t h e  short distance t o  the rake (about 
1.4 inlet   -dimeters  ) , the small area  ratio of the diffuser (1 .3 to  1) , 
and the small range of mass-flow ratios  tested.  The data presented i n  
reference 3,  obtained from f l i g h t   t e s t s   a t  a = Oo, indicated that the 
total-pressure  recovery measured a t  the end of. a diff-user  with an area 
r a t io  of -2.3 t o  1 md a length af approximately 10 inlet diameters 
was 0.94-for a mass-flaw ra t io  of 0.9 a t  this Mach number. If the dif- 
ference in  diffusers is considered, the agreement-is good. 

M a x i m u m  recovery was  maintained for  an angle-of-attack range of f6O, 
+8O, and flOo f o r  &/Ai = 0.94, 0.89, and 0.85, respectively. Above 
these  angles,  internal  separatiop caused the recovery t o  drop as angle 
of attack  increased. Apparently the  increased  curvature of the entering 
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streamlines and the reduced pressure  gradient  along  the  diffuser a t  
reduced flow rates tended t o  delay  separation  until  higher  angles of 
attack were reached. Thus the  recovery was somewhat greater a t  reduced 
mass flaws a t  the higher angles of attack. 

Figure 7 presents some total-pressure  distributions at  the rake 
stat ion of the  symnetric inlet. A t  u = Oo (fig.  7(a)), the  profile 
was uniform f o r  all flow ra tes .  For &/h = 0.94, above a = 60, the 
profile became asymmetric and a low pressure-recovery  region  appeared 
along the bottom side of the  diffuser  indicating  separation. A t  
a = 20.4O ( f ig  . 7(b) ) the separation was quite severe and the low 
pressure  region  extended  over  approxfmately half the diffuser. Reducing 
the flow rate delayed the appearance of separation and reduced i ts  
severity a t  the higher angles of attack, as indicated in   f igure  7(b) 
for  &/Ai = 0.85. 

Pressure distributions along the top and bottom w a l l  of the dif- 
fuser are presented as a r a t i o  of p/& in figure 8. A t  a = Oo 
(fig.   8(a))  the  static  pressure was essentially  equal along the  top 
and bottom w a l l s  at  all stations f o r  a l l  flow rates. For &/Ai = 0.94, 
at a = 6.50, the pressure along the lower w a l l  had dropped considerably 
i n  the  region of the inlet minimum area  station, .as required to   t u rn  
the air. The pressure gradient along the  laser wall became more adverse, 
and a local  region of supersonic  velocities was fndicated. A t  a = l4.5O 
and 20.4O (figs . 8 (c ) and 8 (a) ) the region has disappeared indicating 
that the flow has separated from the lower U p  at  these higher angles. 
For the smaller exit size,  the  static-pressure  distribution showed less 
adverse  gradient at any given angle, and the flow remained attached  to 
higher angles of attack  than f o r  the  larger exit. 

Asymmetric Inlet ,  M = 1.42 

The mass-flaw ra t io  and total-pressure recovery of the asynrmetric 
i n l e t  are presented in figure 9 as functions of angle of attack f o r  
M = 1.42. The mass-flow ra t io  as presented is based on constant inlet 
area  equal  to  the  projected  inlet area at u = Oo. The three exits 
used  reached the  point of maximmnmass flow at approxFmately a = 3 O .  
A t  u < 3O, the mass-flow r a t i o  dropped quite rapidly, w h i l e  a t  a > 3 O ,  
there was only a slight decrease i n  mass flow. 

MaxFmum total-pressure  recovery of 0.97 occurred a t  about a = 5O, 
a value about 2 percent greater than normal shock recovery. For nega- 
t i ve  angles of attack,  the  recovery dropped quite rapidly. A t  these 
angles,  expansion around the long l i p  increased the shock losses, and 
separation from the long l i p  increased the losses within the  diff.user. 
A t  a > 5 O ,  however, the  recovery  decreased much  more gradually. The 
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recovery was 0.95 or  higher from a = t o  a = 22O, and at a = 35O,  
it was s t i l l  about 0.92. Throughout the  positive  angle-of-attack range, I 

the  total-pressursrecovery was essentially  independent-af mass-flaw 
rat io   for   the range of fl-ow rates  tested. 

Some typical  total-pressure recovery distributions  for  the  asmet- 
r i c   i n l e t   a r e  presented in  f igure 10. As the  angle  of--attack  increased, 
the  distribution became more uniform, as shown by  ccaqparing figure lO(a) 
f o r  a = 0' with  figure 10 (b) fo r  a = 10. go. The profile remained 
nearly uniform up t o  a = 20°. A t  a = 22.8O ( f ig .  lO(c) ) the  profile 
shows the beginning of a low pressure.region, probably caused by sepa- 
ration from the  short l i p .  A t  large  negative  -angles of' attack, however 
(f ig  . l O ( d )  ) , the separation was quite severe, and the low pressure 
region extended  almost  completely across the  duct. As in the case of 
the symmetric in le t ,  reducing the flow rate tended t o  delay  separation 
at positive.  angles of attack, as Shawn i n  figure lO(c) for  &/Ai = 1.00 
and 0.9. A t  negative  angles of attack, however, the flow seemed as 
badly  separated  for all. flow rates  tested. 

In  contrast  to  the symmetric inlet ,   the mass-flaw ra t io  and total- 
pressure recove-ry of the asymnetric inlet varied at small angles of 
attack. The maxirmrm total-pressure recovery 6 f - the  two inlets is corn- 
pared in  f igure ll. A t  all positive angles oFattack, the asymnetric 
i n l e t  had higher  pressure  recovery. A t  a = 5 O ,  the asymmetric i n l e t  
had about  2.3  percent more recovery and a t  a -= 200, it w-as about 8 per- 
cent  better. Furthermore, the recovery of the asymmetric inlet at 
a = 24O w a s  as good as the maximm pressure  recovery  attained w i t h  the 
symmetric Inlet": - A t  negative angles, however, the asymmetric i n l e t  had 
the lower recovery,  being lower by 4-percent at a = -5O and about 
28 percent at a = -zoo. 

Asymmetric Inlet ,  M = 1.84 

Because of the  favorable  total-pressure-recovery  characteristics 
of the asymmetric M e t  a t  positive  angles of attack at M = 1.42, the 
t e s t s  were extended t o  include M = 1.84. For these tests, the  rake 
station was  moved back t o  the end of a 1.4- "0- -1 conical  diffuser 
which had been added. 

Mass-flow ra t io  and total-pressure recovery at M = 1.84 are pre- 
sented in   f igure 12 as a function of angle of attack f o r  the three  exit  
sizes  tested. Here again, as a t  M = 1.42, the mass-flow ra t io  w a s  
based on a  constant inlet area, the projected  inlet-area at a = Oo. 
However, since  the  actual  projected.frontal Etrea increases as ELngle 
of attack  increases, the inlet   a t ta ined mass-flow ratios  greater  than 
one. For all three  exits,  the maximum flow rate  occurred at 0: = loo. 
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The change in  mass flow w i t h  change i n  angle of attack was sfmilar t o  
that observed a t  M = 1.42, dropping s l ight ly   for  a > loo, and 
decreasing  rapidly  for a < loo. 

The total-pressure  recovery  (fig. 12(b)) w a s  again  essentially 
independent of mass flow for  the range of flow rates tested, and varied 
in a manner similar to  the  variation observed at M = 1.42. The maxi- 
m recovery of 0.80 occurred a t  a = loo, decreasigg slowly as an@;le 
of attack  increased  until a t  a = 30°, the recovery was 0.77. Thus, 
the recovery  only dropped about 4 percent  for a 20' change i n  angle 
of attack. As angle of attack  decreased below loo, however, the recov- 
ery dropped rapidly until at  a = -loo it w a s  0.52, a decrease of 
nearly 40 percent. AB w a s  true a t  M = 1.42, the low recovery a t  neg- 
ative  angles  resulted from the  increased shock losses due to   the   eqan-  
sion around the long l i p  and losses caused by severe  separation  occur- 
ri,ng a t  t h e . i n l e t  lip, whereas the flow remained more uniform at  the 
higher  positive  angles of attack. It should also be noted that the 
maximLrm recovery of 0.80 is approximately  equal t o  the free-stream 
normal shock recovery, and that the recovery  did  not exceed this value 
as it did a t  M = 1.42. 

Some typical  total-pressure-recovery  distributions a t  M = 1.84 
are  presented i n  figure 13 f o r  several angles of attack and f o r  
&/Ai = 0.80. The curves a t  the l e f t  of the figure present m e a s u r e -  
ments made along the ver t ical  diameter, whereas the curves a t  the right 
are from measurements along a horizontal  radius. A t  a = -8.00, sepa- 
rated flow occurred  over a large  portion on the duct. As angle of 
attack  increased,  the separated region became smaller and the losses 
were less  severe  unti l  a t  a = 18.5O the  profile was nearly uniform. 
It is interesting  to  note that, between a = 7 .bo and 18.5O, a small  
region of the i n l e t  had recovery greater than normal shock recovery 
near  the upper w a l l  of the  diffuser,  as did a loca l  region  near  the 
lower w a l l  at  negative  angles of attack. Thus, it appears possible 
that modification to  the  inlet   design might produce an i n l e t  having 
greater  than normal shock recovery a t  this Mach nmiber, and the need 
for  further  research is  indicated. 

CONCLUSIONS 

An investigation of the  total-pressure-recovery  characteristics 
of an axially synanetric nose i n l e t  at  a Mach  nuuiber of 1.42 and a n  
aspmetric nose i n l e t  a t  Mach  numbers of 1.42 and 1.84 indicated the 
following  conclusions : 

c 
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1. A t  a mass-flaw r a t io  of 0.96, the symmetric i n l e t  had a to ta l -  
pressure recovery of about 0.95,- a value s l ight ly   less  thari normal shock 
recovery, fo r  all angles of attack between -60 and 6O. Reducing the 
mass-flow ra t io  from 0.96 t o  0.85 extended the range of maximum recovery 
up t o  100 i n  either direction. 

2. Large losses a t  higher angles o f  attack  resulting from severe 
separation a t  the inlet l i p s  reduced the recovery of the symmetric 
i n l e t  as much as l2 percent a t  200 angle of attack. 

3.  A t  a Mach  number of 1.42, the asynmetric i n l e t  had a to ta l -  
pressure  recovery equal t o   o r  better than free-stream n o m 1  shock 
recovery between Oo and 22O angles of attack for all flaw rates tested. 
The maximum recovery was 0.97 at an angle of attack of 50r a value  about 
2 percent higher than normal shock.recovery. 

4. A t  negative angles of attack, the recovery of the aspmetric 
inlet-  decreased  rapidly, due t o  increased shock losses  resulting from 
expansion around the long l i p  and to -separation from the long l i p  of 
the inlet. 

c 

5 .  A t  Mach  number of.1.84, the maximum total-pressure  recovery 
of the asymmetric inlet occurred at an angle of attack of 100 and had 
a value of 0.80, about normal shock recovery. 

6. A t  M = 1.84, the  total-pressure  recovery of the asymmetric 
i n l e t  was also relatively  insensitive t o  increasing  angle of attack 
above loo, and was  quite- sensitive to decreasing angles of attack 
below loo. 

Langley Aeronautical Laboratory, 
National Advisory Conrmittee fo r  Aeronautics, 

Langley Field, Va. ,  October 15, 1953. 
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Figure 1.- Arrangement o f  the test apparatus showing the asylmnetric i n l e t .  
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Figure 2.- Test apparatus shmi.ng the asymmetric inlet. 
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F i w e  3 ,- Sectional view of the symmetric inlet  showing inslxmentation, 
inlet support, and exLt or i f ice  plate. A l l  dimensions w e   i n  inches. 
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Figure 4.- Sectional view of the asymmetric inlet as it m s  tested a-b 
.M = 1.42, ehoKirxg instmmntation, M e t  support, an& exit orif ice  
plate. All dlmemlons axe in inches. 
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Figure 5.- Sectional view of the asynmetric inlet 86 it was teated at 
M = 1.84, shoKLng Ins+aviwntation, i n l e t  support, and e x i t  orifice 
plate. All Ummiorm are in inches. 
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Figure 6.- Mass-flow ratio and total-pressure recovery of the symmetric 
inlet as functions of angle of attack for three  ratios of exit to 
M e t  mea a t  M = 1.42. 
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Figure 7.- Total-pressure  distributions  at  the rake station of the syrmnetric 

M = 1.42. Flagged symbols represent measurements made out-of plane of 
rake. 
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Flgure 8.- Static-pressure tUstributiom dong the b i d e  top and bottom 
of the aymet r i c  i n l e t  for four angles of attack and two ratios of 
exit to W e t  area at Y = 1.42. 
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(a) Mass-flow ratio. 
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(b) Total-pressure  recovery. 

F i W e  9.- Mass-flow ratio and total-pressure  recovery of the asymnetric 
inlet  as functions of angle of attack at M = 1.42. 
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Figure 10.- Total-pressure distributions  at the rake station of the asymnetric 
inlet far  four angles of attack as tested at M = 1.42. Flagged symbols 
represent measmenrents made out of plane. of rake. 
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Figure 10. - Continued. - - 



Figure 10. - Conclude&. 
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Figure 1l.- Comparison of maxirmrm pressure recovery of sy-mme.txic and 
asymmetric W e t s  as tested  at M = 1.42. 
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Figure 12.- Mass-flow r a t io  and total-pressure recovery of the asymmetric 
inlet  as functions of a n g l e  of a t t ack  at M = 1.84. 
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Figure 13.- Total-pressure distributions at the rake station of the 
asymmetric Inlet far several angles of attack &a tested  at M a 1.84. 
&/Ai = 0.80. 3 
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